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　Clostridium botulinum produces seven neurotoxin (NTX) serotypes, classified from as A to G. In culture, NTX 
forms protein complexes by association with non-toxic components, such as nontoxic-nonhemagglutinin (NTNH) and 
hemagglutinins (HA1, HA2, HA3). C. botulinum serotype A produces three types of toxin complexes, M-toxin (NTX 
and NTNH), L-toxin (M-toxin and HAs) and LL-toxin (dimer of L-toxin). In this study, I found three HA complexes 
in the culture of a nontoxigenic mutant serotype A lacking ntx and ntnh expression. The HA complexes displayed 
similar banding patterns on SDS-PAGE, but the staining intensities of the HA1 and HA2 bands were different. In 
addition, their native-PAGE banding profiles exhibited different behaviors. The large-molecular-size HA complex 
showed the highest activity, similar to that of an L-toxin. Based on the combined results of the PAGE and gel-filtration 
profiles, the differences in molecular size among the three HA complexes were thought to be caused by different 
numbers of HA1 and HA2 molecules. This paper reports for the first time the purification and characterization of a 
native HA complex of serotype A, and suggests that the HA can form complex structures without NTX and NTNH. 
This may help in understanding the toxin complex assembly pathway.
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　HA複合体（10～20㎍）をゲル濾過カラム Superdex 200 














































































































































































































































































































Ａ：lactose アフィニティーカラムによる精製で得たFrac-Lac1画分を Superdex 200 
10/30GL カラムに供した．カラム平衡化および溶出は0.15M NaCl を含む50mMリン酸緩衝
液（pH6.0）で行った．Ｂ：Frac-Lac2画分を上記と同様にゲル濾過カラムに供し溶出させた．














































































































detd＊1(kDa) cald＊2(Da) HA3b HA1 HA3a HA2 HA1/HA3b HA3a/HA3b HA2/HA3b
L-HAs 500 468093 210 2859.4 4448.5 1442.9 1182.5 1.56 0.50 0.41
M-HAs 340 383313 28 2262.3 2650.1 1093.6  763.9 1.17 0.48 0.34
S-HAs 280 298533 26 8452.5 4437.1 4516.1 1422.2 0.52 0.53 0.17
＊１ゲル濾過法で計測した分子量．
＊２遺伝子配列から推定したアミノ酸配列を基に各HAの分子量を算出し，図５に示した分子数に基づいて各複合体の分子量を計算した．





(HA1 : HA2 : HA3=2 : 1 : 3)
M-HAs
(HA1 : HA2 : HA3=4 : 2 : 3)
L-HAs
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